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BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[1] The present invention relates to a digital television relay apparatus, and 
more particularly, to a linearization compensation system of a digital TV relay apparatus 
for compensating a non-linearity of a high power amplifier, and methods thereof. 

.SSSJj 

02- Background of the Related Art 

Lf! K In general, a digital TV relay apparatus services a radio shadow area that a 

M digital broadcast transmitter fails to cover. Thus, a digital TV relay improves the viewing 
grange of a digital TV broadcast service. 

Ki 

J P] A reiving terminal of the digital TV relay apparatus down-converts a 

'"'broadcast signal transmitted from a digital TV transmitter into an intermediate frequency 
and transmits it to a transmitting terminal of the digital TV relay. Then, the transmitting 
terminal modulates the intermediate frequency to a channel frequency, amplifies it to a 
predetermined level and transmits it to a general subscriber located in the radio shadow 
area. 

[4] The broadcast signal outputted from the transmitting terminal of the digital 
TV relay is a signal that has been amplified by a high power amplifier. Typically, the 
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output of a high power amplifier is non-linear over a range of input voltages at a given 
frequency. 

[5] Figure 1 is a schematic block diagram of a linearization compensation 
system of a digital TV relay apparatus in accordance with the related art. As shown 
therein, the linearization compensation system of the digital TV relay apparatus includes 
a transmitting unit 10 to modulate an image data into an intermediate frequency (IF) 
signal, amplify the intermediate frequency signal by a high power amplifier (HPA) and 
u transmit it. The linearizer further includes a vector signal analyzer 20 to optimize the 
Q output signal of the HPA and generate an equalizer coefficient. The linearizer also 
j ^ includes a computer 30 to receive the equalizer coefficient from the vector signal analyzer 
i«*20 and generate a linear compensation coefficient using internal linear compensation 
j'H software and output the linear compensation coefficient to the modulator of the 

^transmitting unit 10. 

Q 

[6] The transmitting unit 10 includes a modulator 1 to modulate an image data 
to an IF signal according to the linear compensation coefficient outputted from the 
computer 30. The transmitting unit 10 also includes an up-converter 2 to convert the IF 
signal outputted from the modulator 1 into a radio frequency (RF) signal, and an HPA 
3 to amplify the RF signal outputted from the up-converter 2 and output it through an 
antenna 4. 
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[7] The modulator 1 includes a digital filter 1-1 to remove an interference 
through a channel coding, insert a pilot signal and generate a waveform. 

[8] The vector signal analyzer 20 includes a down-converter 6 to convert the 
output signal of the HPA 3 into an IF signal, and a demodulator 7 to demodulate the IF 
signal outputted from the down-converter 6 into a digital I/Q baseband signal. The 
demodulator 7 includes an adaptive equalizer 7-1 to generate an equalizer coefficient of 
the digital I/Q signal by using an adaptive equalization algorithm. 

[9] The operation of the related art linear compensation system of a digital TV 
relay apparatus constructed as described above will now be described with reference to 
Figure 1. When broadcast data is inputted, the modulator 1 modulates a baseband 
broadcast signal of an MPEG stream into an IF signal. The digital filter 1-1 of the 
| modulator 1 distorts the broadcast signal by using an initial linear compensation 

Jr. 

I coefficient so that the broadcast signal may have an inverse characteristic to the non-linear 
characteristic of the HPA 3. 

[10] The up converter 2 converts the IF signal outputted from the modulator 1 
into a broadcast frequency, that is, an RF signal, which is determined by broadcasting 
stations. Accordingly, the RF signal is amplified to a prescribed level by the HPA 3 and 
transmitted as a digital TV signal through the antenna 4 to a general subscriber. 

[1 1] If the modulator 1 is ideally operated, the characteristic of the digital filter 
1-1 and the non-linear characteristic of the HPA 3 would be offset, and an output signal 



of the HPA 3 would not have a distortion component. However, it is not possible for the 
digital filter 1-1 to have the exact inverse characteristic to the non-linear characteristic of 
the HPA 3. Thus, a distortion component is included in the output signal of the HPA 
3. Accordingly, an operator who operates the transmitter and the relay apparatus must 
compensate for the non-linearity of the digital TV signal outputted through the HPA 3 
by using the vector signal analyzer 20 and the computer 30. 

[1 2] When the operator operates the linear compensation units (the vector signal 

j w , B analyzer 20 and the computer 30), the RF signal outputted from the HPA 3 is inputted 

pi 

□ through a coupler 5 to the vector signal analyzer 20. The down-converter 6 of the vector 
^signal analyzer 20 converts the input RF signal into an IF signal and outputs the IF signal 

si 

Uto the demodulator 7. Then, the demodulator 7 converts the inputted IF signal into a 
^digital I/Q signal of a baseband and inputs it to the adaptive equalizer 7-1. The adaptive 
filequalizer 7-1 generates an equalizer coefficient to optimize the digital I/Q signal by using 
-' s \he adaptive equalization algorithm. 

[13] The adaptive equalization algorithm performs optimizing by using a fixed 
convergence constant (a step size) set by the operator. Accordingly, as the digital I/Q 
signal is processed by the adaptive equalizer 7-1, a signal-to-noise ratio (SNR) of the digital 
I/Q signal is improved. An operator may visually confirm the optimization of the digital 
I/Q signal using the vector signal analyzer 20. 
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[14] After the optimization of the digital signal I/Q is confirmed, the operator 
clicks a prescribed button to transmit the 3 1 coefficients of the adaptive equalizer through 
a general purpose interface bus (GPIB) to the computer 30. The computer 30 converts the 
received 31 equalizer coefficients into 288 linear compensation coefficients by using the 
linear compensation software 8 and outputs them through the RS-232C cable to the digital 
filter 1-1 of the modulator 1. 

[15] The digital filter 1-1 distorts the broadcast signal by using the changed linear 
™ compensation coefficients outputted from the computer 30, so that a clear digital TV 
u signal without distortion is transmitted through the antenna 4. 

:f j [16] The apparatus and method of the related art have various problems. For 

3 example, in the related art linear compensation system, the adaptive equalizer 7-1 

^{performs the adaptive equalization algorithm by using the fixed convergence constant (the 

111! 

pStep size) selected by the operator. However, because the operator can not accurately 
determine the convergence speed of the adaptive equalizer according to the value of the 
step size, he or she repeatedly changes the step size value. As a result, the convergence 
(or optimization) time is very long in the related art linear compensation system of a 
digital TV relay apparatus. In addition, in the related art linear compensation system of 
a digital TV relay apparatus, the operator must change the step size value by increments 
of one. Each time, the equalizer coefficient must be transmitted to the computer 30. 
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Moreover, in the related art linear compensation system of a digital TV relay apparatus, 
an expensive vector signal analyzer 20 is required. 

[17] The above references are incorporated by reference herein where 
appropriate for appropriate teachings of additional or alternative details, features and/or 
technical background. 

SUMMARY OF THE INVENTION 

, ; [18] An object of the invention is to solve at least the above problems and/or 

© . 

Q disadvantages and to provide at least the advantages described hereinafter. 

i s 5 i 

I II 

[1 9] Another object of the present invention is to provide a linear compensation 
^system of a digital TV relay apparatus and method of operating same that compensates 
non-linear characteristics of a digital TV transmitter or relay. 

Hi 

n! [20] Another object of the present invention is to provide a linear compensation 
System of a digital TV relay apparatus and method of operating same that is capable of 
automatically compensating for a non-linear characteristic of a high power amplifier 
(HPA) for use in a digital TV transmitter or in a digital TV relay apparatus. 

[2 1] Another object of the present invention is to provide a linear compensation 
system of a digital TV relay apparatus and method of operating same that is capable of 
effectively compensating the non-linear characteristic of the HPA. 



[22] Another object of the present invention is to provide a linear compensation 
system of a digital TV relay apparatus that is capable of shortening linear compensation 
time. 

[23] In order to achieve at least the above objects in whole or in part and in 
accordance with the purpose of the invention, as embodied and broadly described, there 
is provided a linear compensation system that includes a transmitting unit configured to 
modulate a data to a first intermediate frequency (IF) signal, up convert the first IF signal 
ss w to an RF signal, amplify the RF signal to a predetermined level using a power amplifier 
(PA) and transmit the amplified RF signal, and a linear compensation unit configured to 

i ?! 

ij! vary a step size of an adaptive equalizer according to whether a signal-to-noise ratio (SNR) 
for an output signal of the PA satisfies a prescribed standard, and output a selected linear 

fit compensation coefficient to the modulator. 

I'll 

SH [24] To further achieve at least the above objects in whole or in part and in 

accordance with the purpose of the invention, as embodied and broadly described, there 
is provided a linear compensation system that includes a transmitting unit configured to 
modulate an image data to a first intermediate frequency (IF) signal, up convert the first 
signal to an RF signal, amplify the RF signal to a prescribed level using a high powered 
amplifier (HP A), and transmit the amplified RF signal, a correction circuit configured to 
convert the output signal of the HPA to a digital I/Q signal, and a computer configured 
to receive the digital I/Q signal outputted from the correction circuit, update a step size 

-7- 



of an adaptive equalizer according to one of an SNR for the output signal of the adaptive 
equalizer and an error vector magnitude value (EVM), and output a linear compensation 
coefficient. 

[25] To further achieve at least the above objects in whole or in part and in 
accordance with the purpose of the invention, as embodied and broadly described, there 
is provided a linear compensating method in which an image data is modulated into an 
intermediate frequency (IF) signal by a modulator, converted to an RF signal, amplified 
to a prescribed level and outputted by an HPA, including determining whether a first 
SNR for an output signal of the HPA satisfies a standard, computing an error value 
average for an output signal of an adaptive equalizer, fixing the computed error value 
average as a step size of the adaptive equalizer when the computed error value average is 
m a predetermined range, computing a second SNR, and converting a coefficient of the 

I adaptive equalizer and compensating a non-linearity of the HPA where one of the second 

1 

h SNR and the EVM satisfy the standard by more than a predetermined number. 

[26] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from 
practice of the invention. The objects and advantages of the invention may be realized 
and attained as particularly pointed out in the appended claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[27] The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

[28] Figure 1 is a schematic block diagram of a linear compensation system of a 
digital TV relay apparatus in accordance with the related art; 

[29] Figure 2 is a schematic block diagram of a linear compensation system of a 
digital TV relay apparatus in accordance with a preferred embodiment of the present 
N; invention; 

m [30] Figure 3 is a flow chart of a linear compensation method of a digital TV 

|iH relay apparatus in accordance with a preferred embodiment of the present invention; 

hi 

[31] Figures 4A and 4B are graphs showing a digital 1/ Q signal outputted from 

[lla correction board and a reference signal generated by using the digital I/Q signal of 

{ y 

figure 2, respectively, in accordance with a preferred embodiment of the present 
invention; 

[32] Figures 5A-5C are drawings illustrating signal characteristics for 
compensating a non-linear characteristic of Figure 2 in accordance with a preferred 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[33] Figure 2 is a schematic block diagram of a linear compensation system of a 
digital TV relay apparatus in accordance with a preferred embodiment of the present 
invention. 

[34] A linear compensation system of a digital TV relay apparatus of the 
preferred embodiment of Figure 2 preferably includes a transmitting unit 100 and a linear 
compensation unit 200. Like the transmitting unit 10 of the related art, the transmitting 
. unit 100 preferably includes a modulator 11, an up-converter 12, an HPA 13 and an 

C! antenna 14. The modulator 11 preferably includes a digital filter 11-1. 

m 

: n 

tn P^] The linear compensation unit 200 preferably includes a correction board 201 

{»* to convert an output of the HPA 13 into an IF signal and demodulate the IF signal to a 
digital I/Q signal. The linear compensation unit 200 also preferably includes a computer 
ffi 202 to receive the digital I/Q signal outputted from the correction board 201 through an 
ps industry standard architecture (ISA) or other bus, update a step size of an adaptive 
equalizer according to a signal-to-noise ratio (SNR) or an error vector magnitude (EVM), 
and generate a more accurate or optimum linear compensation coefficient. 

[36] The correction board 201 preferably includes a down-converter 21 to 
convert the output signal of the HPA 13 into an IF signal, and a demodulator 22 to 
demodulate the IF signal outputted from the down-converter 21 into a digital I/Q signal. 
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[37] The computer 202 preferably includes an automatic alarm signal generator 

23 to generate an automatic alarm signal if the SNR of the I/Q signal outputted from the 
demodulator 22 does not satisfy an advanced television systems committee (ATSC) or 
other standard. The computer 202 also preferably includes linear compensation software 

24 to process an adaptive equalizer 24-1 according to the automatic alarm signal of the 
automatic alarm signal generator 23 and generate a linear compensation coefficient. In 
other embodiments, the linear compensation function may be accomplished in hardware 
or in firmware. 

S ' i 
■p;r- 

jJy [38] Operations of the preferred embodiment of the linear compensation system 

jj] of a digital TV relay apparatus constructed as described above will now be described with 
reference to the accompanying drawings. The modulator 11 preferably modulates a 
fll broadcast signal of a baseband in an MPEG stream transmitted from a broadcastine 

m i 

^station into an IF signal. In other embodiments, the broadcast signal may be in 
' Quicktime™, Firmware™, DV™, AVI, Real Video, Windows Media, or other digital 

video format. The up-converter 12 preferably modulates the IF signal outputted from the 

modulator 11 into a RF signal. 

[39] The HPA 13 preferably amplifies the RF signal outputted from the up- 

converter 12 to a predetermined level and transmits it through the antenna 14 to a general 

subscriber. The digital filter 11-1 preferably distorts a broadcast signal with the inverse 
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characteristic to the non-linear characteristic of the HPA 13 by using an initial linear 
compensation coefficient. 

[40] The output signal of the HPA 13 inevitably will include a distortion 
component because of the non-linearity of the HPA 13. Thus, the linear compensation 
unit 200 preferably receives the RF signal from the HPA 13 through a coupler 15 and 
updates a step size of the adaptive equalizer according to the SNR or the error vector 
magnitude (EVM) of the RF signal, to output the improved or optimum linear 
; ;:c l compensation coefficient to the digital filter 11-1. 

!::{ Figure 3 is a flow chart of a linear compensation method of a digital TV 

I jj relay apparatus in accordance with a preferred embodiment of the present invention. The 
N preferred embodiment of a linear compensation method can be used, for example, with 
k|the preferred embodiment of the linear compensation system as shown in Figure 2. 

': h? 

ill Operations of the linear compensation method will now be described with reference to 
'' Figure 3 and the linear compensation unit 200. The correction board 201 converts the 
output signal of the HPA 13 into the IF signal and demodulates the IF signal into the 
digital I/Q signal of a baseband by using the down-converter 21 and the demodulator 22. 
The computer 202 preferably receives the digital I/Q signal through the ISA service or 
other bus and outputs a linear compensation coefficient required for the digital filter 1 1-1 
of the modulator 11. 



-12- 



[42] When the digital 1/ Q signals as shown in Figure 4A are inputted through 
the ISA or other bus (step S10), the automatic alarm signal generator 23 preferably 
arranges the digital I/Q signals according to the input order, and produces 8 levels of 
reference signals as shown in Figure 4B from the T signal on the boundary of a middle 
value (step Sll). 

[43] The SNR of the inputted Digital 1/ Q signals and the reference signals are 
preferably calculated (step Si 2) to determine whether the computed SNR satisfies the 
ATSC or other standard (step Si 3). If the SNR satisfies the ATSC or other standard, no 
automatic alarm signal is generated. If, however, the SNR does not satisfy the ATSC or 

if other standard, an automatic alarm signal is preferably generated to trigger the adaptive 

Jl 

r * equalizer 24-1 (step S14). 

I 

[44] When the initial automatic alarm signal is inputted, the adaptive equalizer 
|W 24-1 preferably outputs 4096 digital T signals by using the basic equalizer coefficient 
upvalue, and the automatic alarm signal generator 23 preferably computes differences 
between the output values of the adaptive equalizer 24-1 and the reference signal (i.e. 4096 
error values) and preferably computes an average value of the 4096 error values (step Si 5). 

[45] The automatic alarm signal generator 23 preferably determines whether the 
average of the currently computed error values is less than a predetermined value (e.g. 5%) 
of the average of the previously computed error values (step 816). If the average of the 
currently computed error values is greater than the predetermined value, then the 
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automatic alarm signal generator updates the equalizer coefficient of the adaptive equalizer 
24-1 using the corresponding average value as a step size for the next Digital I/Q signal 
inputted through the ISA or other bus. 

[46] Steps S 1 1 through S 1 6 are preferably repeated until the current average error 
value is less than the predetermined value (e.g. 5%) of the previously computed average 
error value. Then the automatic alarm signal generator 23 preferably fixes the 
corresponding average error value as the step size of the adaptive equalizer. Thus, in the 

tsh present invention, the error value is reduced by varying the step size. 

:=j [47] Once the step size is fixed, the automatic alarm signal generator 23 

%§ 
a;; 

jj preferably calculates an SNR or an error vector magnitude (EVM) from equations (1) and 
•+ (2) below by using an output value of the adaptive equalizer 24-1 and the reference signal 
■y generated according to the output value (step S18). 



yjref 2 /k . m 

SNR = 201og(^ r « ) C<1Uan0n (1) 

y ^{ref -input) 2 jk 



wherein 'ref is a reference signal, and V indicates the number of signals. 



EVM = 



10 20 



equation (2) 
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[48] When the SNR or the EVM of the digital I/Q signal are computed by 
equations (1) or (2), the automatic alarm signal generator 23 preferably determines 
whether the SNR or the EVM satisfies the ATSC or other standard (step Si 9). If the SNR 
or the EVM satisfy the ATSC or other standard, then the automatic alarm signal 
generator 23 preferably determines whether it has satisfied the ATSC or other standard 
by more than a predetermined number of successive times (i.e., 5 times) (step S20). 

[49] If the SNR or the EVM satisfies the ATSC or other standard by more than 
the predetermined number of successive times, then the automatic alarm signal generator 

.SSS; 

Q 23 preferably stops generating the automatic alarm signal and outputs a coefficient 

m 

!"« generation signal to the linear compensation software 24 to drive the linear compensation 

%l 

software 24 (step S22). If, however, the SNR or the EVM does not satisfy the ATSC or 
P other standard successively by more then the predetermined number of times, then a 

: :s 

jjj count value is preferably cleared (step S21) and returns to step Sll. According to the 
N ATSC standard, the EVM is not to be greater than - 27dB. 

[50] When a coefficient generation signal is inputted, the linear compensation 
software 24 preferably converts 32 equalizer coefficients inputted from the adaptive 
equalizer 24-1 into 288 coefficients and transmits them through an RS-232C or other link 
to the digital filter 11-1 of the modulator 11. 

[5 1] Accordingly, where the band characteristic of the output signal of the HPA 
13 is as shown in Figure 5 A, the digital filter 11-1 preferably pre-distorts a frequency band 
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of an image data to have the inverse characteristic to that of the output signal of the HPA 
13 as shown in Figure 5B according to the linear compensation coefficient outputted from 
the linear compensation software 24. Thus, the distortion-compensated digital TV signal 
as shown in Figure 5C is preferably outputted through the antenna 14. 

[52] As described above, preferred embodiments of a linearization compensation 
system and method thereof for use in a digital TV relay apparatus or the like have various 
advantages. For example, since the convergence speed of the adaptive equalizer is 
•»» improved so that the non-linearity of the HPA used in the digital TV transmitter or the 
-^digital TV relay apparatus can be quickly and effectively compensated. Further, since the 
IJlstep size of the adaptive equalizer is varied to select an improved or optimum step size and 
J""a linear compensation coefficient is generated by using an output of the adaptive equalizer 
regenerated according to the selected step size, the convergence speed of the adaptive 
jf;:equalizer can be increased, and an error value can be reduced. In addition, an improved 
or optimum linear compensation coefficient can be directly or automatically generated 
without an operator's manipulation. Moreover, a correction board can be easily inserted 
into the computer, so that the linear compensation system of a digital TV relay apparatus 
can be implemented at a low cost. 

[53] The foregoing embodiments and advantages are merely exemplary and are 
not to be construed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the present invention is intended 
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to be illustrative, and not to limit the scope of the claims. Many alternatives, 
modifications, and variations will be apparent to those skilled in the art. In the claims, 
means-plus-function clauses are intended to cover the structure described herein as 
performing the recited function and not only structural equivalents but also equivalent 
structures. 
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